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PREFACE

Fundamentals of Organic and Biochemistry is primarily for students in
allied health areas, such as nursing, dental hygiene, nutrition. and physical
therapy. The book is also suitable for students in other fields that require a
knowledge of organic and biochemistry. The prerequisite for the material
is one semester of general chemistry.

This book was written in the firm belief that a fresh approach was
needed to meet the needs of students in the allied health areas. The writing
style is concise, simple, and “to the point.” The content is of a practical
rather than theoretical nature. The book is divided into two major parts,
each consisting of seven units. Part | deals with organic chemistry, Part 2,
with biochemistry. The material is organized in a logical manner com-
bining the organic topics with the biochemistry wherever possible to make
a cohesive whole. ‘

Part 1 emphasizes mastering the nomenclature and characteristic phys-
ical and chemical properties of the principal organic families. For the
part, only chemical reactions that will also be encountered in the bio-
chemistry part are included. Thus students studying a complex bio-
chemical family will already have considerable knowledge of these
substances from their organic study.

Part 2 gives students a substantial insight into the structure and prop-
erties of complex biomolecules, such as carbohydrates, lipids, proteins,
hormones, and enzymes. Of particular importance is the function and
utilization of these substances. The final unit deals with metabolism. It
is a fitting culmination for all previous material and leaves students with
a practical and comprehensive understanding of and appreciation for the
chemical complexity of the living organism.

The book has been thoroughly tested by several hundred students
during its development at the University of New Mexico, and the material
reflects their suggestions and responses. Student reaction to the textbook
content and style has been highly favorable.

The general design of the book facilitates self-teaching. Short exercises
with answers immediately follow new topics. This procedure gives students
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the opportunity to test themselves on new concepts while they are still
very fresh in their minds. Progress Checks are given at the end of each unit
and answers are provided at the back of the book. Students can test
themselves to determine whether they have successfully assimilated the
material before they proceed to the next unit. Learning Goals in the form
of questions precede each unit. As a further test after completing a unit,
students can refer to these questions.

The book is adaptable to different academic programs. The materials
can be covered in a four-credit one-semester lecture course or in a two-
quarter course. For shorter programs, such as the three-credit one-
semester course, selected topics can be omitted (or used as suggested
reading), thereby retaining the key topics generally required in a text of
this level. Selected topics for omission are outlined in the Instructor’s
Manual or they can be selected at the discretion of the instructor.

The Instructor’s Manual includes a list of suggested topics for omission
for the shorter academic programs, a sample quiz for each unit (some
questions may have to be omitted for the shorter programs), and two
two-hour examinations covering each of the two major portions of the
text, organic chemistry and biochemistry.

Finally, to those teachers who elect to adopt this book for their stu-
dents, 1 would sincerely appreciate their suggestions and comments.

I would like to acknowledge the following reviewers for their helpful
comments: Jerome Bigelow, Idaho State University ; David Dever, Macon
Junior College; Barbara Frohardt, Oakland Community College; John
Vosbigian, Los Angeles Harbor College.

My grateful thanks are extended to the many students who used the
material in this book during its development. Special thanks go to those
students who voluntarily evaluated the material and reported errors and
inconsistencies or who made valuable suggestions for improvement. To
all of these students, this book is dedicated.

Miriam Malm
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BECOMING
FAMILIAR WITH
ORGANIC
COMPOUNDS

LEARNING GOALS

What is organic chemistry? How is it related to other areas of chemistry?
What is the origin of the term “organic™?
How could organic chemistry be more accurately named?

What kind of substances are organic? What are sources of organic
compounds?

Why is a knowledge of organic chemistry valuable?

Why are organic substances usually classified and studied separately
from inorganic substances? How do these two classes generally differ?
Why is carbon considered a special element? In what ways can carbon
bond to other atoms?

What is meant by “covalency”’? What is a structural formula? What
does a structural formula tell us that a molecular formula does not?

1.1 ORGANIC CHEMISTRY—A MAJOR CHEMICAL BRANCH

Chemistry, broadly speaking, is the physical science that deals with the
composition and properties of matter. Matter is anything which has mass
and occupies space. Organic chemistry is a major branch of this vast
science.

Major Branches of Chemistry

& Analytical Chemistry @ Organic Chemistry
e Biochemistry ® Physical Chemistry
® Inorganic Chemistry ‘
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Part One: Fundamentals of Organic Chemistry

‘‘Organic’’—A
Misnomer

Each major branch may be divided into sublevels. Biochemistry,
which has been considered a sublevel of organic chemistry, is now assum-
ing major status in its own right. Medicinal chemistry and the chemistry
of natural products are sublevels of organic chemistry, but they may also
be considered as “‘overlap” areas of organic chemistry and biochemistry.
Much overlap occurs between the major branches. Qualitative organic
chemistry, which deals with the composition of organic substances,
overlaps organic and analytical chemistry.

The term “organic” is actually inaccurate but remains due to usage over
the years. Before the middle 1800's chemists believed that organic sub-
stances could originate only from living or organic matter, plants and
animals. They believed that this kind of matter possessed some “vital
force” necessary for its formation because no one had succeeded in
making an organic substance in the laboratory from inorganic or mineral
sources. Hence the chemistry dealing with such substances was named
organic chemistry.

The first evidence to disprove this ‘“‘vital force™ theory appeared in
1828 under accidental circumstances. Friedrich Wohler, a German
chemist, was attempting to make ammonium cyanate in his laboratory
by heating a mixture of ammonia and cyanic acid. The white crystalline
product he obtained possessed the same kinds and numbers of atoms as
ammonium cyanate. However, Wohler found the product to have differ-
ent properties, and consequently he concluded that it must be a different
substance. The product was identified as urea, an organic compound.
Urea is a major component of urine and is the means whereby nitrogen
not needed by the human body is execreted.

Note that in the following diagram urea has a melting point of 132.7°C,
while ammonium cyanate melts with decomposition at 60°C. The fact
that these two substances have different melting points is evidence that
they are two diiferent compounds.

NH;CNO"~ inorganic

‘ ammonium cyanate m.p. d. 60°C
NH; + HCNO '

ammonia  cyanic aciN (l?
both inorganic H,N—C-—NH, organic
urea ) m.p. 132.7°C

A number of years later and after other organic compounds had been
synthesized from inorganic sources, scientific thinking was reversed and
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Unit One: Becoming Familiar with Organic Compounds

the ‘‘vital force” theory was finally discarded. The importance of the
accidental synthesis of urea by Wohler lies in the fact that an important
breakthrough in scientific thinking resulted. Actually the synthesis of
organic compounds from inorganic material is restricted to a limited
number of small, structurally simple organic molecules and is by no
means a general method of production. '

Two other examples of the synthesis of an organic compound from
inorganic sources are:

1. The industrial production of methyl alcohol from hydrogen and
carbon monoxide using heat, high pressure, and a catalyst.

300-400°C, ZnO

hydrogen carbon organic
monoxide :

2. Thereaction between water and calcium carbide to produce acetylene,
a gas used in welding torches.

2H,0 + CaC, —— CH=CH + Ca(OH),

water  calcium acetylene  calcium hydroxide
carbide organic inorganic

If “organic™ is not an accurate title for this important branch of chem-
istry, what would be better? It is known that all organic compounds
possess one particular element, the element carbon. They can have from
one carbon, as urea or natural gas (methane, CH,), to thousands of
carbon atoms as some complex protein molecules. A more accurate title
therefore could be the Chemistry of Compounds of Carbon.

We are composed of and surrounded by a myriad of different organic
substances. Within us are hormones, enzymes, proteins, and genes, to
name just a few. The clothes we wear—cotton, silk, polyester—and the
foods we eat containing sugars, fats, proteins, and vitamins are organic.
Most drugs, detergents, and insecticides are organic. Plastics, paint,
paper are organic. Automobile tires, vinyl seat covers, and the gasoline
and oil consumed by our automobilés are organic substances. All of
these substances are put together in a special way to give them their
various properties and uses.

Today most organic compounds are synthesized in the laboratory
from other organic compounds. Over a million organic compounds have
been synthesized with perhaps many more millions to come in the future.
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Chemistry—A
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A principal natural source are the fossil fuels, petroleum and coal,
which result from the decay of living matter over milleniums of time.
From the relatively simple components of petroleum and coal many more
complex compounds have been made.

A! second natural source of organic compounds are /iving plants and
animals. The food we eat contains carbohydrates, fats, proteins, and
vitamins obtained from living matter. Many drugs are derived from
natural substances: morphine used to reliéve pain is obtained from the
oriental poppy; the antibiotic streptomycin is a product of certain soil
micro-organisms; insulin, used to control diabetes mellitus, is extracted
from the pancreas of sheep.

Everyone can benefit from a knowledge of organic chemistry. We find
ourselves in an era of technology where pollution is endangering our
environment. Problems such as drug abuse have become of world-wide
concern. Under such conditions, maintaining good health and seeking
the prevention and cure of disease are of prime concern to us all. As a
direct result of these problems, research is being conducted at an un-
precedented rate to untangle the mysteries of life. The genetic code has
been broken; the memory code is in the process of being broken. The
mechanism of hormone action is slowly becoming known. Chemistry
lies at the very core of these endeavors.

It follows that persons employed directly in the various health sciences
must have a sound knowledge of organic chemistry and biochemistry.
But persons not in these areas can benefit also. Ask yourself these ques-
tions. Should not a parent understand the potential hazards of insecticides
stored in the garage, cleansing agents stored under the kitchen sink,
or drugs stored in the bathroom cabinet? Should not a teacher or
employer be able to recognize signs of illness or drug abuse in the class-
room, office, or factory?

1.2 BASIC DIFFERENCES BETWEEN
ORGANIC AND INORGANIC COMPOUNDS

Because organic compounds differ from inorganic compounds in striking
ways, the two groups are usually classified and studied separately. Three
fundamental differences among the two classes are:

1. the kinds of elements composing the groups
2. the type of chemical bonding between the atoms
3. the shape and size of the composite particles
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Unit One: Becoming Familiar with Organic Compounds

Organic compounds are composed of a small number of nonmetals. Only
trace amounts of various metals occur. Inorganic compounds are com-

. posed of a great assortmerit of both metals and nonmetals. The following

nonmetals commoiily occur in organic compounds.

® Carbon is always present.

' ® Hydrogen is almost always pr&ent {an exception is CCl,—carbon

tetrachloride).
e Oxygenand nitrogen are frequcntly present
®  Sulfir and phosphorus are present to a lesser degree than O or " & -

° Halogens (F, CL Br, and I) are present frequently, but usuaﬂy only
in synthetic organic compounds. An exception is iodine Whlch is a
component of thyroxine, the thyrond hormone.

—

Remember from beginning chemistry that atoms can chemically combine

“in-oneé of two ways: 1) by the transfer of electrons to form ions, of 2) by

the sharing of electrons to form molecules. The attraction between
oppositely charged ions constitutes an iontic-bond; metals combine with
nonmetals in this way.-Two nonmetals bond to each other by the forma-
tion of a covalent bond in which they share a pair of electrons. The resul-
tant compounds are called ionic and covaleat compounds, respectively.

L metal-/-:' nonmetal —— metal*?! +_-p6nmetal“

N\

o ionic compound—
electrqn an-elearon was transferred
2, nonmetal nonmetal —_ nonmetal :nonmetal
\./ covalent compound—

two electrons are being shared

‘Covalent compounds exist as neutral molecules. Ionic' compounds
are aggregates of oppositely charged ions held in position by strong
electrostatic attraction. Forces.exist between molecules, but they are not

) nearly as strong as ionic attraction.

relatnvely weak attraction strong attraction

\

\

molecule —'«—— molecule Na‘* ——'«—— CI~

covalent ionic



